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(54) NUMERICAL CONTROLLER 

(57) Abstract: 

PURPOSE: To attain the smooth drive on a supplied 
spline curve by calculating a position of the spline 
curve from the parameter calculated based on a velocity 
command set by the distance from the end point of the 
spline curve. 

CONSTITUTION: A command input part 1 supplies a 
locus command and a feeding velocity command of a 
spline curve, and an end point distance calculating part 
3 calculates a distance Le between the present command 
position and the end point of the spline curve. A 
velocity command output part 4 controls the velocity 
command so that the step is secured after a shift over 
the distance Le and sends the velocity command to an 
acceleration/deceleration control part 5. The part 5 
performs the acceleration/deceleration control so as to 
secure the smooth change of the velocity command. Then 
a parameter calculating part 6 decides a position on the 
spline curve in response to the velocity command of the 
part 5. A spline curve position calculating part 7 
calculates a command position against a servo control 
system based on the parameter given from the part 6 and 
a curve command given from the part 1 . 
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[M«9I2] IMB^?*— ^W-JMfoflS, it 1 10 

IQ«M9#9tft©IM!i;l:& /<? * -**fls*©JfcfcJBv*T\ 

«nE^^9wv*«i©!i»j«*t?©e 

WH-JMflSi:* t9IS5£«*g^-i«rlB^7'7'<>'*^Jb©^ 

-QXjj-t&Vi'frxtiUk, m^x^?^ ^ftist©*** 

j«rei»fW«©W'||E***«v^rjattJS«-©fttfilE*fT5 30 

1-£*it&A#g1Si. MrlBft*lA#»J:9A#S*ufc*:7'' 
7^^ft^©ft^©fFffi£^?ft2$sffF«3J£, MIEtt^ 
fPfl5S5-effF« 3 tufc ft 4* *• <b t fci* 9 3&*»fr«r3yjM- 

[flt#ff6] WlBft^ffHffiWiflJ, WIB^T-^-TVfti^ 40 
©ft2p£> ^9p«-^Sr3r)e©ii , s'^-cae'fb**Jte«*fe 
9Mi-*-*«IB**^-S £ t W* t -T Sit 5 tc:|S« 
©ftttMUPSIelt. 

B^-^na^*- ft i»Kov N T-?r © ft* fcWflfi-*- 5 fllffi t 
r. t fcWRfci-'SW** 5 £flB*©fttt1MlP£i 

So 

***©^^?-ftj»fcseiiw-6*ttBi:, 3g&«©m 50 




2 

^^^^-ft»©i6MMicfcS<5v^ wiE^^^-r 

vftlft©ft*«rffflir*-««tB itttsri SrflWRi: f 

3 5 KlBlt©*4fffidffii3&JE. 

^7*7^ >fti»©#jfet*5lt4ft^ StJlEXT'^'f ^ft 

MJ:9litIiE#^©:ifi«&#&38Ste<!:, Wfefw/fciMB* 
jR©jtflESr#*.6>ixfc3t«»^iai:JtttLT» ■S-a.&fu 
*:WBiiaElfi^lt©*#t/hS*KIBT?tt. WIE^T'y-r 

^fti»©Mflffcattaue»^i([ttt3er5iiiiB t «r*rr 

*7"7-T ^ft**^©^^?-**^**-*-*** 

^gpt, a6«s*Lfc«nE**a-<*-fti»©*iBtrff 
w v **©»*£***- s »frds«A t , we**** 

1 2 ] ffim&m*mm&$G-?n 5 

©T»*>o *ftB*IB©«Wi*!9S— «i:«:5J: 

s«E^fli««J»««**»jer « f>©-r?*>ofc»&-fc 
i»w©»iw*»rai 

[0 0 0 1 J 

[S^±©fUffl^&] i©BMt*x Xf»W^a#y b 
« ^©»J»Sr1f 5 *lt««»*11KBB-t-6 t>©-e*>S. 
[0 0 0 2] 

[^*©S:fl?] HI 3 2 (*^Jx.«. #MBS6 4-8101 
2-f^«te*Sitfe.» «*©«:«fliWpai«Sr«i-7*e y 

^El-cfc5o I3(c*5v>-c, 4 i {**e^-^^$nrv^ 

7*-efc?), 4 2 ll^©Jt^-7 P 4 1 Srf!^- 
iitr^— 7*y — y-C*>2>. 4 3 f40K*3i*Hfc7*— ^© 
W^aSrfir 5 m®S#^t?fo 9. 44 ttygK*4t1N9P© 
«J|t^Sr*tfi-S'l'*aWi«BffiBW (KT, CPUi 
V>5) , 4 5f4CPU4 4 ± flT^-tr^nS^y -C 
fc5„ 4 6 9 SrXA©#«lft©»<$v*/l'* t 

4 8(4-?:©-^— ^-CfoSo 

[0 0 0 3] ^iiif^{cov^rgiK-rSo *T> — 7* 




3 



s„ cpu4 4\zffl>7££ivtc^&x-7 , 7'(>'$sm<Dmm 

{cteafl $ *vr V ^&MIW9*-*ffri!t©fc«>©7*n ;/ 7 A 

teSfefeftS. 1>--*1WWEIK4 7iiftrtJkofc»$-^ io 

*4 8©l«lte{-<toTJH— /WtoC^^L-CX*Sr^«j 

[0004] r © J; 5 fc:, ±w.m&Piwmm^is^x 

h/wJ: 9 jftfilU ^©/-*9;* — ^^-fbSJcjKCTx XT' 
■ctUM-«fc©T?*>ofc. ■*©x7'?-f vftj&Sr 20 

— 7£m&-?&Mi-z>tt#><D*-77'( >>&m<Ds*7* —9 

A t fcfc, s^x&m&to&Wia f fcgStft"** h/Pp t ' 

[0 0 0 5] jfcfe, £<D<k5ftf&fc0ft«ttttt£*K:H 
*Lfcfi«#lBfteftfcS:itti-L/CB:» -©ft&K'b. 0!l 
£ffttH¥3-1 99 6 3*4^ft£Wa>£. -<£>#M 
¥3-1 9 9 6 3 ^«Kl J: S f&j&ttfHglfite . 6> 
*ifcte*©llM»K:**L-C, BFfM©ff^t8^Sr^iEi-S<k 
5fc«/JMlil»-T?«iBHt«HH-r5*>©-C«)9» i<o^ffi 
»4, %&{tClcj3rt«ttlftoA^j:9HEftB^&a!S)rA 30 

[000 6] r^yta- * ^-Y^-^K 9*1f 

-O' (Computer Aided Design ) J ffcl 9 #^9-^- (1 
9 8 7^9^) COWi 4 8 5~4 9 8 KfclJMfeSfrfcafcS: 

I"*— 7* T>-K a^^^^^aVX* 
a-— iff? 5Vat/Hf- • X/7'fyX (Curve 
and surface constructions using rational B-spline 
s) J (£&fc5.J; ^ra-fbBXT'?^r> (Non Unifo 

rm Rational B-Spline , KTUNRBStV^p) ftiH 40 
tfa^fcTa. — *3S«RH- (CAD) tC^TyGSXteffl;* 

[0 0 0 7] 

#±©J:$l;:*j«;S;h/r^S©-TN xt'tV fftiRJtft- 
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»^3i*-e^gJii- 5 «>©* 7*9 >r ^ftiS©/* 9 * - * 
A tttSB»-<^ M'p t* d>£>*©-CV*Sft:g>, &f»^F 

tbtcxzf?^ >&m<D.'<7 9 A thfc, SsBi^^ h/v 
p t' btiT\,^Z>tf, SBta^ h/wp f t?ti 

jEWc 1 ^wx^iBjlMfe©^W)fi t X7*9-f >-(&;&© 
'*9*— *£teS©Jfctr#*S;:i:#'-?#1\ ft^a** 
#v*fc r^>t?«^9^-^A t©IHMIi£a*»£U x 
7"9-f ^«iBLhSrjE»K»«3eit-e»»-*-5 r t ttt?# 

SMfk^ h^©*****Hlt?tt>fc<» »©xy7^ 

rm (x7*9-f ^*»©SB»*r«ii) k#lt, wMtvmm 
*»e>i\ M/S©*»fe*»*iraaiwwa8J:tj'ii*jte-T?©«3a 

[0 0 0 8] ^5fS©«ra^ffit?tt. &S£fr*Ha> 

^ffi#J4t©t4stv^5r^aH^;^feofc 0 nu 
RBS*j»^fft^©^ffi-c«rai-St, DtM&WtHi*** 

©<t 5 45»lct<St t©-C t±/«c*»o fc„ 
[00 0 9] i©^^«_h|E© J: 5 *IB«JiKSrllPiH-*-S 
/t»lc**ii/tt>©t?*>0, &£©;(iP&MtH3J:tm£ 

^©»affliw*©jn«asflafpsr%j» LfcSMEiHfli^^T 

x.> X7*9'T^tti»±tr4«>^*McPtij-rS-i:* s -C 

J»©^9^-^tfW+*^Sc, 4 6>l!itt. ■W-fraflEfc 
bfcx 7*9 -f vftitft©/-' 9 p< — 9 * jE^ttcff ^t-T £ 

3ttt«HWSrtT 5 r. t d*T?# S^cMftiJ«««^#5 r k Sr 
[0 0 10] 

«5WJMi», ^A^gBi»)A^l$tvfrX7 p 9 

-f vtti»©^*-e©eg«i^w-»i-*^AEg«tf+^a5, 

95, ^©5S«if4r<t 9X7*9^ ^*»©a«9^-^ frff- 



V 




[0 0 11] W^2fcfi&©a^K4ftSfttt1M 

[0012] W^3icl^©*Bil&flt£*ttn!l 
>rvft«Lh©jBHb**Jt«Lr, ^7^-*tWg|5©W- io 

[0 0 13] n^4t£ra©B9Btcflt£*fltiH 

[ooi4] *fc, m$tm5Kmi&(D?&WK&:z>mi&ffl 20 
©-e&-5 0 

[0015] n$m6Kum<o&WK&z,mmm 

[0 0 16] M^7lc1Btt®a9!K:ffiSK4t1M 

#P^ffite> Vtti»Sr*#©*a^1*— (Bezie 30 

* cd m m *mm-t zmm * m mwmm^m^tc t> © -e 

[0 0 17] tt^fi8tc8^ft09B91Kl«2ftttM 
[0 0 18] Sfc. M*«9lc«Btfc©XWK:ttsaM)fM 

mmkmm*<B*&k<om0WF*nEm* mwwfa* 40 

IB*»b«-jS©3fi*«r*«>«artB, tsXXf&LbiiltMm 
»^**ji*fc:*Jltaj*«&Jfc|«EU *£»❖«©;&# 
/>S*EIW»3tit»'frttK:i8il»©«llifeW!*t-*«IB 

[0 0 19] lt#9il 0fcB*l©»9!te4S5«HI* 

***©#^*-tti»fc^+siiMft^«, *3io5 
^©^•ta^-ttiiftoffiMSrfi 1 5 ft**™ 

Jfct>©-C*>5. 

[0020] m&m 1 1 ice*©»wte«&SMi[ 50 




6 

MWmm\*. AASftStttHt^SrNURBSllMil©?!* 

*taeifcr*«*sc*«B, tn^feNURBSfti© 

©-Cfc-5. 

[00 2 1] m*gi 1 2 |z:e«t©*B9§l;:ffi&8:ffl[ 
HM!ti*IB©»»*«s-3fe £ <k 5 fcMIWIMW 
3^W*#A# SftfctteKi, h 1^7 *r«!E-*-6 

[0 0 2 2] 

[AMI] lf*Klfcfla«©»WJ!:*s»t >-tt^ 

i§n©tf*^m<t 0 ttf$.£*itc&g.m&K&^xwm 

t5i 5. *:/9-f J'lftiSS©^^^-/^© 

«r»e>a»»cMiflW-a. 

[0 0 2 3] !»*5l2fc«B«J©*raK:»ltS^«9 

y * — * fc*©J* &m v >T * -7 y << is y * — 

?*$Y»-tZZ.bK£*), ^yyJ is&m<D;<y 

[00 24] it*«3fcSE*©»Mfc*5ttS^9 
^-^{^Ea5«, 3Mt*f-frtHAas©f^fifcbfc3S«it«-i: 

-r ^ttiiiLhSrjEa/jiffi'fraft-cwiBiiw*-*-*. 

[0 0 2 5] *fc, W*^4^1B«©56K(c*5lt^^ 
<o^y°y^ ^ttiia©^*-e©E§«l^m-»-rs £ £ j: 

[0 0 2 6] ff*^5{C|E«©^KtCi3{tSaaP 
«*^g«B, A*$tvfc^7'7-r^ftilft©ft^©Wffi 

ftt»£L4< 4:t>atli«J'tea**©«3t*mBii- 

5, 

[0 0 2 7] Sfc, ff*«6{c|B«©^W{C*5{tSft^ 

««r»»*t>©i"*-*. 

[0 0 2 8] ff*«7tC|H«©^B^(C*5tt^tt^ 

Wffl5«tt. ^^9WVftilftSr«R©*3B'<l?-*i»K:aE 

tfebfcm. G-mm^— fti^{coV^T^:©tt^Srff ^ tf•r 
5 n t J; t) . fl^©i?ffi(cH-r^^a^MSrMSIi- 



(5) 



#M¥7 -6 4 6 2 0 
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[0 0 2 9] Hit. W*®8£i2«©38B^C:}3tt5ife3$5 
[0 0 3 0] 4fc, n*&9KtBm<im9iK.#tt&m& 
❖ttfcJfcttLT, 3«it»^©##/J**fcEIWttau»B 

[0 0 3 1] ff*«l 0{-lB«<©5l?g[c*S{t-5ft 

»£ifesi5 «, mm?^t>n x. oa^$ *wt nurbs 

[0 0 3 2] M&gl lfc«fc©»Hlc*iftS» 

A***i/*<fc11Jfi-fr*NURBS*i»©» 
*fcae*U-C**ffMilBJfcAA-f*ri:teJ:t» x gt#© 
NC=»— K£©SiMtfcfiifc, l*rtMQ«fc— 5&ffci-4. 

[0 0 3 3] *fc, B»*«l 2{^|5«©^^{c*5{t-5ji 

ftS fc^«*l«©8W**s— ftfcfc* J: 5 ft*tlB*JWft 

h Sri ftCMtSi t SrfTfifc-rSo 
[0 0 3 4] 

«T^7^- * tiS&i") fc2lDjtftffi<£Vcom £A 
A#£ft$. 

[0 0 3 5] 2«^1-5^EgBIW-^, 5SS*t^-ttl 
P(0 -£ di • BSi.n(t) 

i = 0 

[0 0 3 9] m?, BSi.naXiB^.T'y^Vil^-C 
_d_, »±3^7C^KtF©®|ffll^-efcSo 9 
t^ftfertttf, * (1) iO^^^lMftJL^fl* 

s /Eu t = 1 ©B#(iPe &X-&Z> 0 

[0040] nm^v^T, ^T?-/sTim 



©*/!MBIItl-*$ 3 T^«>fcil*ji&* -*•©«« L e Sr#tt 
bT#Jh-et«i5Jc2fe«>3fiiaB^VcoB &1W»U M 

«ai«i«B^A*-*-*aaf«^vout t Lt^t^sd 

-S-Vout ?> flmjE-ffrra J; 5 t^PScMfMWSrff 5 
Z.tf®m^ 1-237806 ^#IEtt©-^^P®^J 

#<« *PJ*a«HMlJ5fcA*S*i/fcaflE»^Vout 

gB5«A^Vout ^Olc^St, #P«:Sf&J«S5 5©fciWj 
58*Vs ©a^-ffi*S|3iBiI^J?g«lL d h *S*-e«flE» 
^Vs «rlti;&L«»*.5J:5fc:«<. r ©iP^iSfiJ Wgp 5 
©tftfJiSAVs tt*— #*©#*©»*> **©£j*<S*i, 

[0036] 6 mmmmm®. 5 ©aja^fr v s 

6^6.©^7pt-^t jf^-ATJgp 1 e> © ft iBtff ^ «fc 
9, f"— jtff&KSP^©^^ (xk , yk , zk ) £ 

[0 0 3 7] ^>c(ct!)m-ov^^:laBJ•t-5o HI 2 

^^©^^^aro^Sr^-r^a— h-cfc 
5o tear*— (f-^^-y >^mm) atss 
30 tc^tr^tt^o -^^©^at*, cpu. ^^-y, aw 

73 (I/O) >fy^-7i-f^W«^53»f 

^P(t) (0^ t S 1) asjg^tt^i LT-5-;t£>;ft/T^ 
5t>©ir-f--5,, Ps »*&^-e^«^ (xs , ys , zs 
) , Pe \*1&J&-?&mtel& (xe s ye % z e) , P (k 

-1) tm&nK&itLW. (.l^mmmm^f—^mmm^ 
m?j£ivtc$Lmm&) tmrnts. ua-i) , y (k-D . 
z(k-i) > t-t-So ^y^^mmvit) 
t©5£ (i) fcm-rBx-7 : 7j^$!mw*.-?i$tm&*ix 
40 v^5t>©t-t-5„ 

[0 0 3 8] 

mi] 



<i) 



2-c^; (1) ©,t 4 ismffife&.x-mm.&fr 

50 firSP(k-l) (x(k-l) , y(k-l) , z (k-1) ) (Dt% 



(6) ffl¥7-6 4 6 2 0 

9 10 
©^?^^t=t(k-l) k-t&o affi<D»*ffiiBP(k * [0 0 4 1] 
-1) ^&WlBI»APe *T»6Dffi«Lett«*.tfft<OSC [ft 2] 

(2) £^Ttf»-rs 0 * 

L e =V (x (k-1) - xe) * + (y (kD - ye) 2 + (z (k-1) - ze) 2 (2) 

[0 0 4 2] ^■7 L 5;^ST4'-ST6lc:43V^ » &*3* ^KDJtfitffrfrVout ttKTcD* (3) —St 

^RIL d <D 1 ffl^ffllltOilttEfBL d (k-1) . mm [0 0 4 3] <0k¥r I > L e - L d (k-1) ^ Vcom * 

SIOiEKJi^Vcom 3&»6>, j»^LfcE*KffJh-e#S «fc 5 A Ts ftfc, 

^mm^vcom &mmu aasfg^vout sra^-r jkio 

Vout =Vcom (3) 

<*#2> 0<L e -L d (k-1) < Vcom * ATs ft* * 

Vout = (Le-Ld(k-l) / ATs (4) 

<*#3> O^Le-Ld(k-l) ft?>, 

Vout -0 (5) 

[0 0 4 4] -T ^fy^ST4m StflH^# *5o 2fc(C^^^^ST7-e^, aKJB^Vout Sr*P«5£ 

5rfT5c ^fy^STSm St (3) (Ort<Vout d£r. &£>5£ (6) "CtfjEU ISklHlOfttajafflfcfflV^ 

SrftSi-So ifc^f^ST6fte>, *#2, 3 fcjeS 20 & 0 
CTitSffi^Vout SrSfc (4) , St (5) <0*P<ftfei"* [0 0 4 5] 

Ld-Ld(H) + (Vout -Vs ) *ATs (6) 

[0 0 4 6] ^f?'7 P ST8m ^^7^^ft ♦/Jv^^^At' t (k-1) +At* t£*5tt£ 

/£*P(t) ±©»&<D»*4fc«Pk ^ A #«P (t(k-l) 4-At') ft WE* (1) Sr«wc 

f «rt»ts*/tifr&«>^9^— ^»t*A t * tuit?*, ^(Dt^vmrnm* u(k-D\ y (k-D\ 

SjEEHAP* (Dtta&J&tbZo ^^9-Y^ttHP (t) z (k-1)') £-T£ 0 ft*5, MtBtbaH*<D3t (7) tcj; 

-h<D»fi£<OffifliP(k-l) O^tetfllE (x(k-l) . y(k !9*:#>3o 
-1) . z (k-1) ) -C*>D. ^9^- ^^t(k-l) [0 0 4 7] 

o = AtVAP' (7) 

[0 0 4 8] fc«U -hfESt (7) te*5V^-C««j(B« A [0 0 4 9] 

P* (8) -C^JtfoixSo [ft 3] 

AP' =7 (x(k-l) ~x(k-l)' ) 2 +(y (k-l)-y(k-l)' ) z +(z(k-l)-z(kl)' )* 



[0 0 5 0] ft, &<£>St [0 0 5 1] 

(9) «Woj;5 4I(^mo [ft 4] 

Vs*ATsW (x (k-1) -x (k-1)' ) 2 + <y(k-l)-y(k-l)' ) 2 + ( z (k-1) - z (k-1) ' )* 



(9) 



[0 0 5 2] *Kl, ^^ST9m 0) £ffl^T3f^1-5 0 

Vout tc#/£^5^9*— ^SffcSA tk Srft^a (1 [0 0 5 3] 

A t k = a • Vout * A Ts (10) 

[0 0 5 4] Ifcfc, ^f^STlOm *Sj£bfc»* ttSr*^<e*tx (k-1) =xk , y (k-1) = yk, z (k- 

^^-^^k*Atk «rffiv^^^9-f v«*ftp (t) i) =zk kvxs ztib&&m<D#mmin<om&<om 

±(D&UP (t(k-l) +Atk) £r5£ (1) Srffll^Tm- ^tt*i:LTBi»L.TS8< 0 

ff-T5o P (t(k-l) +Atk) <DgmWrW1t&ft<frtiL [0 0 5 5] ft*5, ^^9>f ^ftlftoft W/>*V^»^ 

f^Ltt^^a«^cttl*t5o W^r^ST left, ot*(k«? W?>*:»ttBW4»*#ft6) 
1 lfcisi^C, te«P (t (k-1) +A tk ) <DBm9t& 50 *u5o 



II, 

11 



(7) 



!&ffl¥-7-6 4 6 2 0 
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[o o 5 6] i£S£0>j2. ^<oftw<ommw2&m 

^JSWSr^i-^Py^ia^fcS. 1~5*5 
So 9tt*©»^«©fMft*AP(k-l) l&Sffl 

«M<oa* bfc^7 * a t (k-i) ( i nDsmtm*< 

7*—?b tk ) frb, '<7*— ? k&M&<Dtka&$t 

jm-s kkhic, mmwwa 5 (omm^vs t mm 

Jto, feiTM^^JWtiftfV'*?;*— * t (k-1) 

AP(k-l) =7 (x(k-l)-x(k-2» e +(y(k-l)- 
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[0 0 5 7] W-KjfN-OV^Tt&HJI-r&o ' 05 
Tl~ST7i3J;r;^f ?7"ST8~ST1 l(£BI2cE> 

**^©*B^ft11 (x(k-l) , y(k-l) . z(k-l) ) t 
0©*Qmffl<O*— **^©»frft11 (x(k-2) , 
y(k-2) , z(k-2) ) i>?>#ftiAP(H) £r<f*C<£>5£ 

(11) <fc 9 3iJ62>o 

[0 0 5 8] 

[&5] 



y(k-2)) z +(z(k-l) - z(k-2)) 2 



(11) 



[0 0 5 9] *7 l S'7 P ST2 KCfeV^Tv ^7* 

-^w-^sc 9 astine i #ysjg#3ttr<o^7 ^-nt (k- 
i) t i«awiJBiiBo»frta:««>«**AP(k-i) a> 

a = A t (k-1) /AP(k-l) 
[0 0 6 1] &*5, r<0^-C(i, V[ft>8&<£>*& 
&-Q(D/<.=7* — ^i#i4*©lta«^7^— ^ A t (k- 

i) , AP(k-i) riM^ffiLfrvvD^fca&sr 
(7) ©±5^ W^^it' 3Efls4*fe»£- 

[0062] -hiHUjgwj-ctt, i «^ajq»itr«>^ 

7^-^4t(H) tmfom.£s. P(k-l) SrJBVvf, ^7 

[0 0 6 3] Hi£0!l3. r<Z>3§WcD3U£0!l3£|2| 
HJfeffilSr^i-^as/^ig-efcS. Hlt-*3V^-C, l~7fi 
*fcv 1 0ttA*7*—*if£!B 6 9 

^7*7^r vi&n#:ew-»g|5 7-e* 

0=Vs *ATs -APk 

[0066] ^o&thmomfitemmmm^M 

C3, &*5> ^»*APk ttft©« (14) fcj:9*«>* 
APk =7 (xk 



ft©S (1 2) {Z.£Q/<7*—? k&Wim<Dita& 

«■*-*-*. 

JS20 [0 0 6 0] 

(12) 

★ * «> 5 f — #fgj*ip» ^©tefBJB-S- Sr^I-T S ^ 7 ^ - * 

[0064] ft.fcmmz-n^xfli.w-r&o 17 

!4SlfP©8iE^Sr*i-7o— 7^ — hT?fc*K X7 v s'7°S 
T 1 ~ S T 9 jSotU'S T 1 1 l*|gl2<D^i^<D*!! ; 3a 

7"ST3 0^(413 2(0^.7^ -y/STl 0 i ^fy 

30 >-tt^±coffi«P (t(k-l) +A tk ) Sr5£ (1) 

WCtUfU ftfftt (xk , yk , zk ) Sr^Sc & 

frSffi^^Vs ©lfeSJSfflM^ft&Vs *ATs 

t. mm<oimmm-zwr*i<in>itttemt (x(k-D x 
y(k-i) , z(k-i) ) t^fsvrm^ti^msm^vLm 
(xk . y k , zk ) nommmn'ots^VLm<o^» 

K]*APk©it0£rifc<O5S (13) fc:J: *>3ft«>5o 
[0 0 6 5] 



(1 3) 



[0 0 6 7] 
[«6l 



x(k-l)) B +(yk -y(k-l)) 2 +(zk -z(k-l)) 2 



(14) 



[0 0 6 8] J*C(C^7 V S'7'ST3 2-Ctt, i|£SKl*<D^/3 



fcflWB*&frfifc« (xk % yk , zk ) *3R©4t« 

urtH*-rac — ^T5-7 , sT3 4m ^ 

y A t k Sr^jE-T-So f>J^.(ix »C©^ (15) S 

50 ^V^-C«E-T5o 



(8) 
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13 



14 



[0 0 6 9] 

A tk = (Vs * ATs /APk ) 
[0 0 7 0] r^-^{gIE$^fc/^yp<-^ A tk SrfflV^ 

turu a tk , -rfctefeft/saaafttefiiT 

tftSiWfj'^STa 0-ST3 3^<tS«t3a*Sj|ft 
[0 0 7 1] ft*5. r<OHJfiW^9^— ^«3E*j£ 

[o o 7 2] 3yfe#i4. ^<D^m<Dmmm4^m 

tol^TRM-r*. H8ttl»*3K4K:|B*bfc*M©— 

J: V 7 1 <D%:tb t> k 5 fc»*0>RW tt: 

6 S*tt bfc*»« l©t«)J:S*4S/^^^ Zftffi 
S«*^TV^S^5^SrW»fb, S6«fcR«8dS31«T?*>S 

[o o 7 3] ftfc»fft;:ov*TfftWi-5o 19 9 

T 1 — S T 1 1 10@2 <D*:tv k H«f ©«t»35S 

fT*3n*^<0^fc4fc»*<DKKtt«llfri-So 4-. Ell 
0*5J;t^1 1cdJ;5^> WBtffrfras 2o<OB^^7^ ^ 
IPl(t), P2(t)-C*£*bTV 1 >££-f-S 0 PlsttPl * 



P2sttP2(t)<Z> 
PleiP2stt— 



* A tk (15) 

*<t)0>*&/£u Ple(t) «:P(t) 

P2e(t) »P2(t)©»jS-e*>D, 
&bTV^5 0 H10, 1 KDttWit-frSrPlsd^ttSb 

±-TZ>h<OkirZ> 0 Pa , Pb ^ P 1 (t) ±<D*f ^StB 
T?*>0, Pa.tt^^9-f ^*<ftPl(t)<Oj|*^Ple*"C© 

Pb tt^^9>f ^ft*Pl(t)<D)»^Ple*^©Elll^« 

[0 0 7 4] «ffi<D»^fc«#ttEPa 

^fiy/STSm S*fe<DJS<4HfcSPa tPleCD 

Wrasfrtah^ t>U »otW»ffi^as#ffibfttt*ttf^ 

fy/ST6^ #^E-TiX(i^^?/^ST4 l^tl^P 
(010, l lT?ttP2(t)) ^^»bTl^W$ 

(B10, llcDPl(t)) fc*»KSHttSixrv^* 
5 *»*«BK*tlBWW« 1 2T?*U»M-5 0 *>U Hi 

ST4 2«>«ka{C *fcHl 1 (O^k <JIttte:SSRStL 
TV^/ c ev^i¥^J»f-rnf^, Pl(t)o^Ple^ig, fltjh 

^P2(t)OJ|*jSP2efc bT. B^r^^ST3"CM 
£T?<0£BStL e (16) KioTttKtLttfe 

[0 0 7 5] 
[**7] 



Le=7 (xa-x2e) z + (ya-y2e) 2 -f <za- z2e) z 



(16) 



[0 0 7 6] fc/cU 5H5E<0*B<frffi«Pb <DJffi«<6«r 
(xb , yb , zb ) , P2e£>Jffi*1it«: (x2e. y2e. 
z2e) ki~Z>o 

[0 0 7 7] ^©j;5^ ^/7^V*i(Otti^ 40 

s^ttfrwwbTji»/s©ttitftae3Eb, 3t*iw*i«:fT 

[0 0 7 8]3QfcM5. r.<0»8B<0*JfiW5SrH 
l£oV*TfB8J3"*-*o r.<OHJSW5ttl»3ft«5'-9^IB« 
bfc»MO-«t«t?*>9, Hll 2»a«|IJS«5lcJ: 

l^T, 2 1 fiNURB S^^CD^^^-O-ft^SrA^i- 

F\ IGES (>f~v"r/l- • • 50 



• ^.f7>f^v'3y ; Initial Graphics Exc 
hange Specifcation) ft if«>3EJfe7d— ^ ^ h&A£)l& 
*K-r*ttfJ:<. rcoftiKl7^«B2 l^ioraKftllC 

ift£c 2 2ttr<0*JBlA*l5 2 1 X *)XJ3&fofr*-7 
y>r>ttHOtt^^fpffibT, *<0«*S:rt«a5'7*— 
br^-T^ffi^fF^-Cfc 1 ?. 2 3ttA*S*tfc^^ 
^-f^ft^cDfta^-^, ft*ffMB«2 2"t?WflfiS*ufc 

«»fr*j*«T?** 0 2 4 «£<Dji«»£ayatt 2 3 -e 

*j«SnfcS9 3fi«»^0«^*riSbT. ^ftco^/^ 
[0 0 7 9] ^fefcttf^^^:ov^-CRMi-ao ---c. HI 



# 



(9) 



E wi - di_- BSi.nCt) 
P(t) = Jzl 

E wi • BSi.n(t) 



#H¥7-6 4 6 2 0 



15 

uRBs*i»sr*«<o*a'<*--ftiiftK:se*-r*. 

5 3KT**L^O*a^— *J»twj3itSS69 3i J ffiSr* 



16 



[0 0 8 01 NURBSftiii-tcftco^ 
(17) (ox oi^mmztiZo 

[0 0 8 1] 
[ft 8] 



(17) 



[0 0 8 2J fe*5, (1 7) (^V^Tt, BS i( 

n(t)ttB^^9>f ^H*. da ttH^fflW*©WJ«ljft 

P' X JP" 

k- — : — 

IF I 

[0 0 8 41 ±|B* (18) 

URBSftl*8r*i-* (17) <oi**lHft-e*>0, 

[00 8 5] B14 <t 5 4NURB S 

©ifctlSr^LTl^So ^©iHl^l^NURBSft 
5tftt*#te^9^— i^W-ft^2r£oT, £A 

[0 0 8 6] rr-e, Ell 6ttft*ffFfi)G<B2 2l^(tS 

r^ST6 1 Ct/v^-^ t ©ffi^fflKffi&fi 1 
V\ W^f^T'ST 6 2(C^5V^Tft^kCDtf^Sri- 

— *EIB*»«8EbTi$><o ^f^^ST6 5^ 



-So 

[0 0 8 3] 
[«9] 



ktt»<oi (is) -eg&Lzti 



(18) 



P(t) 



n 

E wi 

i = 0 



BZi,n(t) 



n 

£ W{ 
i = 0 



20 ffi^rSxfcr fc*s*lilSttS*-e, 7fi//ST6 2- 

st 6 eoftLadsjiftoissttSo 

[0 0 8 7] :^(:J:ot, Ell 5(^bfcffiHc*3V^T 
tt, lB"e#4w^^-^EMtJb5BC, DE, F 
Gj&s^jh^tl'^J*— * tb t c , td t e , 

Slf*^fcJ;oTft*#M^#feV*£ ktfSfcSWtBtt 

30 IBdSA*d*«^^*>So 

[0 0 8 8] HI 7ttft*WflSffl2 2|C*5tt-6«L3a^a 
<Dffe<D#! Sr* L ft: ^ a — ^ Y — h b ft: <D "C *> 9 . 

NURBsftj»sr*«<z>*a^-tf— ft*i^ae*b, 

-<-if-ft»j:ft(DS; (19) (D±5fc*a*^So 
[0 0 8 91 

mi o] 



(19) 



BZi,n(t) 



[0 0 9 0] — ftj»Oft*kttS(fS6<OJ;5fcSC (1 *3Rg-C£5o 
8) T&m£tiZ>&* * (1 9) SrftAi-«£4:fc:J: [0 0 9 1] 

9. ^oo*3g-<if-ft«|<Dft^(mo^: (2 0) [ftll] 



# 



(10) 



17 18 
lw(t)P' (t)XP" (t)-V (t)P(t)xp* (t) + w" (t)P(t)XP' (t) I 

I P' (t)Xw(t)-w' (t)xp(t) 1 3 



— 6 4 6 2 0 

I W(t) I 3 

• • • • (20) 



[0 0 9 2] r©A (20) ©*S*fiiiE-i-effl*tvfeS; * [0 0 9 31 

tt-T^T^-^-C^i-S r idST?#. ft©S (2 [$12] 
1) ©J; 5(c^-e#S„ * 
k = I A I • I B I 3 / 1 C I 3 



(21) 



A = £ PAi -BZi.Kt) 

i=0 



B = 2 FBj ♦BZj.m(t) 

J-0 



K*0 



BZ»,n(t) 



[0094] t i £ "C^-fcf— 5£T^§I $ sSteA Efl-a 

*©iaigiS|-t?fcS„ *iR©SUP^ids@ 1 8 <OX 5 

ic^, *^G^ iz.£<oXm£tiX\,^Z> t L<k 5o rot 

ttJfSrttffl-*-;h/«s tt^CVl 5 3®H^ 

k min ^ k S> k max 
[0096] r^?. r<Okmin iJ.fcTJ'kmax Ott^k 

min *5<fct5kmax l2fWpj£?£tt^M§k;fr5;fcft. 
[0 0 9 7] r©ft^fFffi^J2 2<0«kaiS*Srt 

A 1 = 2/ (2 r/k) r z 



tf. tt^Oft^iiS (2 1) ©A, B, CCD 

5 5*BHSr*n*r t^t?#*<, -f* 2k©* (2 
2) ©kmin *5«fctfkmax £#-5 i t dST?^ £ 0 
[0 0 9 5] 

(22) 

★ 1 9 H&ftflH^&Affi 2 3 ©MfI^t7D-ft 

30 kmax *5 itflhV'^^PlW A T>5»6>ftfl5m*Fmax ft* 
fe5c SI 2 0 X 5 WkiM^7V^tfei 

ust^i^fiA i i©K©M#iift©s; (23) x~mm 

[0 0 9 8] 
Mfcl 3] 



(23) 



[0 0 9 9] LMiot, iJ-^T'/^MSrAT t-f^ii # [0 10 0] 
hV7^t Sr^iE-r5(-^^aie©S^:ffiFiDax [$14] 
(2 4) -e#e>tbS 0 -&40 



Fmax = 24 (2 r/k) -r« /AT 

[0 10 1] tftO^s^STS 2T?«, -^kftfcjfi 
St^^^Fs £Jfc&U ^T5/yST8 3^3J;U!ST8 
4 ffitcD/jN $ v n f> o Sr3^ TjiBoa 5 54 A F Sr^f 

^-TlftKlll-CfcSo KKAB, EWCD, EKEFjoi 
t*EISIGH^H:-$-;tfe;h,fc»frSfi*Fs £>*!,, EfS 
BC t E^FG-CtajSSF 1 as&bft, EMDE-eiiJS 
*F 2tfS]fce>*u3 0 r©J:5fc:, 5£K JWHfcjfctt 2 3 lc 



(24) 



50 



[0 10 2] El 2 2«#t>ttfca*lg^-Sr , t>i:lc, ipj* 
3g»J#P*5 ittttWSB 2 4 ©*HHtov^»9!t5fc6© 
WLWm-Z&>Z>* *0it5S*Jffl)^J:t^«HgP2 4tt-^x.fen 

suet-*— * •> m-rswz. 5 r. t 

5. r©*P®5g^*5j;t/«MlH5 2 4'-©A^f f — * 



0 



(11) 
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19 



20 



tin. iMft<DEIW W«<o»-friS«4:fF«*n5* 

mx ^m^^m^m^mm^m^m^m^mmum 

ZffVo r<0«a«IWKJ8V^TttKBI»T-«KfT##< 

[0103] mmms. rco»M©**«6SrH 

lcoivri&W*-S 0 H2 3!£fjt*«l ltcflB*Lfc*W 10 
lafiWSr^i-^n^^H-efcDx H«-*3VvC, 2 1 
NURBS *»<DJg A-e*3R $ tLT A^ 

Z>&-?hZ>o 2 5ttr.<Dfti»A*SP2 1 <t9AA 

Jtl/cNURB S ffll&ST^f&CD^S^If — EblfttC^Etfe't" 
*ft«aE*«t?S>!), 2 6 tt n coftj»3E«l«B 2 5[c<l;o 

[0 10 4] WcHf^fcov^TKK-rSo B2 

4i*z (ommm 6 1 - <t s mtMmmm^KM<omi^t:^ 20 

^ST9 1IC*5V^ *^A^?S15 2 1 X VXjl&fhti 

Ai Ai- 

Vs» '_b_3i= V3i-I * b3i-l H 

Ai-i +Ai Ai-i 



So *^SrSrtfc#a^-tf-*iBrttlB«2 6tt, 

T 9 2 ^a^i?-ftill<D#^ i Srttffltt 1 icllft 
Lfcfl. ^^^^ST9 3»C*5V^T*<Di#B<D5fira^< 

4tM £lTo>f l^y j«^hL3fctfS£>* ^s/r/ST 
9 5T?^co i ^ttjtft%»ffi2 1 X y&t>ivT%tz.mm'< 

f^/ST 9 3-ST 3 SOftLaSTJUkPSS-t-o -<£><fc5 
(at, ftiR*t(iaJ2 5"CNURBSftlftJ;5««lS*L 

So 

[0105] rr-c, NURBSttlittfiMJsitfy 
So NURBs«i«« as/scffi«iis) 

d o , , • • • d L t2 ^ S^^Wo , Wj , * • 
• w w x J y h*<? h/i^u 0 , ui , • • • u L "C 
^fctfrU *t L"t\ A<r~A L SrA, =u i+1 -Ui h 

mm-r s t , wia«*<D#«^-t?-ftiift«: i = 1 - l - 

i-cj!fe<oa; (2 5) (0± 5(C*^$tlSo 
[0 10 6] 
[*15] 



"V3i+i * b3x + l 



+ Ai 



At-, +Ai 



Ai-2 

di H Wi. 



Ai Ai~ 2 +Ai-i 
V31-1 " bai-i ^ Wi * dj H Wi + t ■ di + i 



(25) 



[0 10 7] ±lBa (2 5) JC^oitS b_3i, b_ ftO^ (2 6) K X oT^x. £>^S 0 

iizi • bjti «*«^— *»©*JW^"t?*> 9 , * [0108] 
fc. v 31 , v«-, , v 3i - 2 tt***^*— X [K16] 
Ai Ai_, 
v si ^ v 3 i iH V3i + i 



Ai-, +Ai 



Ai-, +Ai 



Ai-, +Ai Ai- Z 

V 3i-2 = Wi + Wi.i 



Ai Ai-z +A 4 -, 

V3i-1= Wi + Wi + , 

A A 

[0109] #*5, ±iaa; (2 6) <dab\ a = a,.. 



(26) 



+ A,_! +Ai -CfcSo i =0*5i:U* i =L<Z>3 



(12) 



#1^7-6 4 6 2 0 



* [0 110] 
[*1 7] 
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(2 8) -C*i-t><0fc/i4 0 

v o * bo -wp * do 

v i * bi =W| • dj 



A, A 0 

v 2 * b 2 = w, * d i H w z * d s 



22 



A 0 +Ai 



(27) 



:i 8] 



Al-i 



A L - 2 + Ai 



V3L-1 * b 3 L-i = w L + i • d LM 



A 0 + A« 

A L - 2 

-Wl * d_L H Wn i * 



Al-e +Alm 



V 3L * b3L — WL+2 4 <1l*I 

[0111] (2 7), (2 8) £1*3**5, v ^ [0112] 

o, vi, v 2 *5<fctfv 3L - 2 , V3l-i, v If 19] 

(2 9) *3±t«; (3 0) -e*i-t><z>fc^5 0 % 



Vo ^Wo 



(28) 



At A 0 

V 2 = Wi H W2 

Ao +Ai Ao +Ai 



(29) 



»2 0] 



Al- 



A L - 5 



V 3L- 2"~" 



A L -2 + A l - 



Al-2 +A L - 



"W L *I 



V 3 L- |=W L -1 



(30) 



[0 113] ^<D£?te^m*m2 5l^L/cJ; 51-, 
0^5, El 2 6M*LfcCVl, CV2, CV3c^3*CD 

[0114] roj;5***^tTto*vfc*, ^<ommm 



50 



SSt51^^#5o r.(D±5fcNURBSftJ»Sr^r 
V^NURBS*ilftoSB[M£Sri-5J^^K* s ft<*9, NUR 

[0 115] 4*5, r<0HJfc0il6H:NURB S ftl£lc*f 
[01 16] MMW 7 . ftic, r<D»W<05OI&m«:B 




23 



mm&. «R«^if^A*^ttT^fc^-g-{c«, a*> 

£frfda:«f ^©t*— * SrNUR B S AiRoffi&tlziXft 

to©fflWi:oV*T»4, H2©^Mil^-Of 

[0 117] &«f4r©:r 
— ^*»NURBSftJjlO»*T?A^S*i/fc»&-, *i»A 
2jgB 2 1 -C-t^SrSttlRo-Cft^fFffigB 2 2 \Z.At)-t 

Wt^©?*— 9 SrNUR B S ftUfflfSC- l^LT 

|Si*ffFflfflS 2 2 ^a^j-t a. ^©^aimtetfy 5 
T?«?iiLfct©i:iai*K:JltT-rSfcft> ^©Ift91fi±«B& 
•rSo i*UC<fc*K G^— K;fei?©fS#©NC= — Ki 

[0 118] HJS0IJ8. fcfc, £.©*H©£ffi0!l8&BI 

fnovvCf&Wt-So 1212 8 fitful 2tc|BttUf^K 

co— mMw&TF-f-Joypm-e&z,, mizm^x. 31 
*m$rr a mmm» a*> £ ^a watt *&At>nx& 

¥ti:*ro©8H6*#«-j£fc 45i5 **IWHW»«r 

«WSr31Wr*lll««fea«»-C*>S. 3 4fi±r*i,<b3& 
SMftjijRgB 3 2 *> 5 V >f**»^M5fe^^gI5 3 3(C<tct 

stR * *tfc*iiBjfla«i icse o r * ;/ 9 w v tt*©4tnQ&JS 

[0 119] jSfc{-t!)f^(coVNTtftig-r-5c rr.t?, m2 
9 fit r ©*6S#!I 8 In i S jR|Ki|M^©£#|Mf:©8fch, 

a«j^MHSr*^*7P— b-CfcD, EI3 1 fit-?:©f 
mAtXO— M*7F-f®,Wm-?h?>o ^©0 3 1 ic^bfc 
^y^#f0 0 4OG3-K "G9. 0" fiifta^B 
3te*- K*»fri-*WRflMSi: L-C©tt««$te=»- K-e 
V-^Sf0 10OG3-F"G9. 1" fit 

j^s^^- k a hxvmst&ft^ 
9. 0" eiR-cwae^fe*— kkao, v-y 

0 10© "G9. 1 " SlfeX*mm&9u*— KKAS. * 

[0120] in 2 9 \ziaTi. 5 testate;* *ta 1 

^fj'7'ST10 1l!:l3^t, *f^o^7i.S:- frf 
Jta - K^JbS^Sr^f y T 1 0 2 7, fflfSfc 




*5WP7-6 4 6 2 0 



¥U/£U 5g*«^=»-K-Cfctb(i^7 i s/7 B ST10 4-C 
rt«**cn t lfc "0" #»*«fe=»- KTJfc^tf 

S 0 Sfc, ^©V^-f^-Ct/i^ofc^f^fit, 7-7- y-7 
S T 1 0 6 ^*SVT-?rn* s ^7'9'f ^WW^— Kt?fe-6 
^^©flJ^Sr/fTVV ^T^-f yllla- Kt?*ltHii 
^y^STl 0 7-Cji^© = — K#L3£r*fTU 

K^fcixff ^ ^/ST 1 0 8X^y 

10 [0 12 1] MmU«k3ffi**JBJ***b*4:» *T 

El 3 OO^f'/T'ST 1 1 1 filfc^T, I^Wtcn t 
l*s "0" -ehZD^gfaOWfefcftfrivZ,, -€:©^*> 
rtSSSESfcc ml* "0" r-3biv\*x ; ry7' ST 1 1 2 

■e, a««iteii*i*3 2fcj:o-ciiMac«nB©«ma!9s- 

fti:JfeSJ:5*a«*4fe©1IIIB«UW!^jWlS^ ft^ffl 

^©MW^aSrlltT-rS. ftffiXJkc n t 1*5 

" 1 " Xfotltt^T y 7"S T 1131?, M&fl&kaRfB 
3 3{£otoT M^?^*(RtE-t-S*||WWlP#:»«* 
20 *u ttMtiftlRlffi: 3 4li^rtL{::S-^VNT»A«3fe{-J:5^ 

^7^r ^ft^©«w^a^n=fT-t-So 
[0122] fc*s % MA^tcfsMrnftus©^^^ 
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